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NATIONAL A:!)VISORY COMMI'l'TEE FOR AERONAUTIC S 
TIN 
z- AND CBANNFL- SECTION COLUl'..mS 
FO-r:t LOCAL- INSTABI LITY T:::::SrrS 
By Geo r ge J . Heimerl and J . Al be rt Roy 
Local-inst9.bili ty tests of 21.j.2 - T alurr..inum- alloy 
formed Z- and channe l - section columns were made in 
order to determine a l ength 0f test specimen that wou l d 
avoid the increased strength associated ~ith short 
lengths and also pe rrrit the occur~ence of a convenient 
bucklin€: pgt tern . 'The effece of colu.mn lengtl'< on the 
cr i t ical comp r-essive stress , on the average stress a t 
maXilT"~llil load , and on the nU:llber of ha l f - VlJ&ves of the 
buck llne, pattern is shown . A buckljng pa tt ern of three 
half -w~ves is indicat ::;d as d -si rable for te st purposes . 
A curve is present ed from which may be de t ermined the 
lel"'gths of Z- or chann"'l - sectj on columns that gi ve a 
buckling pattern of three hgl f - waves . ~~en the strength 
for local instability is very high , a reduction in the 
length indi~ated by the curve rr'ay be necessary to p revent 
colu.'1ln failure . In order to avoi d the iDcreased strength 
associated with short lengths , a ratio of l ensth to web 
wid t h abo ve 3. 5 shoul d be use~ . 
lNTRODT CTlON 
In local - instabil' ty tests of Z- and channe l - sect ion 
co l umns , suitable specimen lengths should be determined . 
As the flanges and webs of such columns may be considered 
plates Ii th various kinds of edge supports , the l ocal 
instabili t y of these colulTills becomes a p l ate - buckling 
prob l e:a . INhen a plate is long , the criti c al compressi ve 
stress tends to be independent of length~ whereas , if 
the p l ate is very short , the stress increases appre c iably. 
(See fig . 6 of r eference l . } 
2 NA.CA RB No . I4H10 
For an investip:~tLm of colu:nns t~1a-t develop local 
instati 1i t.y , therefore , t1::..e J GE. cLneHs sho1J l d be rrade 
10n6 en urh to aV01~ an R~preci2ble increase in stress 
and yet not long enough to re "ul t ~ n colurrn fai l ure. 
In orde :C' to dpt.enn i ne lengths of co J umns that nee c 
these rec.uirerents, tes~s were marie of fonr'3d Z- and 
channel - ~ection ::o2.un.:1s of v'lriou3 len.;ths . This report 
pre-sen ts tQe t.e s t 1'e s 'IL:, 8 a":1d. a C -.lrve for deterrr:in:'i.ng 
desirable colur.'Yl lergths for teet '"umoses . 
~ _ 4 
SYlVF30LS 
b p vidth of flange , 'nc"10fl 
b,,'l , .. iath of w3b , incr_e s 
t t.hickn6ss ''If Vve1') or fL.nge , . , lnenes 
E modulus of elasticity , ksi 
Ocr criticc1 co~pressive stres , ksi 
(Jnay 
° cy 
Lverace stress at mBxi~um lo&d , kai 
c OIT.i.:n'8 ~ siva yi e 1<..'1 8 t r8:: S, .1{ s i 
SF ECDfLNS 
Porwed Z- a"1e. cn 8J."lnE:, 1 - sec t i on col urns w0re 111ade 
frorr. 2)'8 - 1' alvml'1u]"1 eIlny ViTi -h th'" grai,n of 'Cr6 1TI8.terial 
pr~~"'211"1 to t:t.e ler. ,Q't~1 sf th e column; JnE s~ect of 
nlJ .... €.riaJ. wa3 \.,8 0 .1 [or Pach t-;-lpe 0,Z' col'~r'T.l, ane: 73 o l umns 
OJ.' each t"J-"P0 v.et·c teston . The 8'1dp of the 3?lE-cimens were 
grcun'l :'lat, r8. ra'~1E:l, b.nd at riGht 8'1~lES tJ) the length 
of t.h3 colu11lr:. f::,['Ltre 1 shows the nominal d~msns.()ns of 
the th ....... ee C""'Of'S ")\.:.cti0Dr US<3n. for t t:. Z- and chanlJ 1-
snction columns . ':['he IT,easurc-d dJ.nensi')n~ of the columns 
al~ t~e test :~sultf a~c 51ven in t&ble 1 . For 98Ch 
c"','ss spction, the raci.o ')f ::;''''ngt:l to ,pob width was 
vl:lri ea. :::'ro::n :tb 0 '.1 t 1 to ;}.tout lC . 
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stress-strain test'"' of the material we:oe made vlith 
single-thic:..cness specImens in a ro:Uer-t:ipe cOTllpression 
fizture si mi lar to tha+; eho'vn in f~_gure 2 of re ference 2, 
Cor.preSf'iV8 stress -str::dn curves are shown in figure 2 . 
ThE.. val-u0s 0::' the conl9~'pse.ivfl yield stress , dfltermined 
by the C" 2-98rCe'l."c-offset :nethod~ and of the mod1.11us of 
elastiCity ~re given in t&blG 2. 
II-'lETHOD OP 'l'ESTING 
'The colurrn tests WE're made in £< 300 , OOO - r:ou...'1.d-
capac ity conpression testiDe; rr.achin8 t[18t ~S Etccurate 
wi thin t"f.tree-qu8r+;ers of 1 :.Jer'cent for the r8x~e of load 
uSEd in the tests. 
A Z-sectibn" colu:'.'nn under tsst is shown in figure 3. 
'The riJ SI,lacement of painters , sUPfoorted ty extensicn 
arms attached to the fl&.nges of the ~olun"ns, was I'1(;asure d 
by the opt-'LcDl rnicrol1'2.ters hat can 08 seen :in figur3 3. 
The cri tical compress:] ve stre"'s -was obtained from stress -
distortion curves in t~e manner described and illustrated 
in reference 3. In this method, the critical stress is 
determined as the poInt near the top o .f the knee of the 
stre,3s - <iistortion curve whore a markad increase in distor -
tion first occurs wi"th small increase in stress. 
RESUI/rS MID DISCUS...:.IO!\ 
The variatIon of ocr 
each of the different types 
in fi gure h. Columns having 
and am ax 
of column 
b 1N = 2h 
t 
Vo'i th Lib! I for 
t ested is presented 
b F and - - = 0 . 5 bW 
develored bending failure for L . 7 > , b,/.; A defini te rise 
in critical and maxlmum stresses when the columns become 
very short :Ls shown by these C1.1rves. For all except the 
very short columns , howev 0 r, the curv,,=s are relatively 
leveL The number of half - v'aves of the buckling pattern 
that occurred in each case is also indicated in figure 4. 
It has been found desirable for test purposes to 
mE;ke the column length such that an odd number of half -
w&ves develops , because of the convenience in measuring 
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cross-sectional di3to rt:on at the c nter of the column. 
EClJrlomy of rraterial and tLe jJ0S2i b' Ij ty of bc;ncling fai lure 
if the column is long lead to a ch~ice of lengths such 
thr .. t the co I mYJr.s \'V111 de-,' e lop tt.e least numb.:3r of hnlf-
waves aild stIll avoid an R~pre ciablp in~reBse in stress 
due to the ef:F'ect of short l ~mgth'3. The[e considerations , 
together wi th tt.e '~est results sh,)w1'} in fjgure 4, lndi cate 
that a hucklin!::' pattsr"1 of thr0e .i.1'11f - w8ves 1s the one 
most desirable for inv~s~igatlons 01 lo~al instability 
of colw1iYls . 
The l ength of t:t.e ~alf - 'Nave r'le~.re loped when l oc a l 
instability occurs varics , for a giv~n web ~idth , with 
the cross - sectiona l I'atI0 bl,,/bV;' ~he nUI'1ber of ha1f -
waves t hen d03pends on the 'atio of l ength to web '.[Jidth L/bW' By sh01 ing thr-> number of half-'av~s th9.t occur for gi ven 
values of bp/bw nnd L/b. r as illustrated in fi gure ) , 
curves rtay be cra'vn tl'Ylt show the relat"iol"'shtp between 
bl:;'/b 'i o.nd Lib " requirfd to obtain an] desired l11..unber 
~ , 
of half-waves. 'Tn order to Si e proper weight to the 
t est r 3sults ~hown ir.. fig'ure 5, the number ')f tests for 
W:li_cb 8R.ch n'.unner of half,-\fJ8.ves occurrl?Q is indic8.ted . 
A recom.:'11erlded curve is drawn in figure 5 to i ndi c ate 
t he proportic)ns of e1 ther a Z- or G. chm nel - section column 
r equir")d to df've lo{l a l::J1lckline; pattern of three half -
vJ:J.ves , wr,ich i.s 1esirable for test [urposes . 1'1:is curve 
can be used rtlrectly for sels0,tinb s.,e~il1:en lengths in 
many ca~ 6 S . In casE'S in which t~e str0ngth for local 
"instabili t;y is hioh (low values of bW/t) , howe. ver , 
sp E; cimen l eng ths SE' I e c ted ace ordlng to the r ecornmende d 
C'J.rve may not be short cnolJ.gh to prE: ven t bending fai lure . 
It is therefoY'e neCeSSG1'Y to che c:r the co l umn strength 
of the specimens selected and, jn :lome cases , to slort en 
the s)Gcirnens . In any cese , figure h shows that , in 
order to ctvoid B.n in'crease in st're.r:igth due to the effect 
of very short l en6ths , the v '3.1ue of L/b~.,. uspd s~ould 
be above 3.5 . 
CONCLUSIONS 
F')r lo ca .- il'1stabili ty t AS tS of Z- and c11anne1-
s '.3 cti on columns , the specimens should be just long 
enough to avoid thG increased strGn~th associated with 
short l ;:ngths but of suc~ l ength thc .. t a b"L1~kling patte rn 
convenicn t for te3t purposes occ'J.rG . A buckling :)at tern 
of thr,30 half - BV.3S IJ1eets t sse rGquiremer.Lts; the propo r 
l ':lDgth for this condition ~ay be ~btained from a curve 
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based on tests . \~e~ the stre~gth for 10c 1 inotabili ty 
is very hi gh , a redncticm in +:11J s l ength !J1ay be necessary 
to vrevBnt colnnm failur0 . In ord'3r to avoid +;he 
increased streng th ass~ciated with short ~engths, a 
ratio of l ength to wet w~dth above 3. 5 should be used. 
Langley :.IerTiorial A0T'Ona-J.tical Laboratory 
National Advisory Conffitt6e for Aeronautics 
Langley Fie ld, Va., Augus t 10, 1944 
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TABLE 1 
Mi:ASURED DIllEltSIOHS OF FORl!ED SP ECn,ENS AND TEST j\ESUL'l'S 
t b W bF Specimen (In. ) (In. ) (In . ) 
1& 0 .106 2. ,L 1.~0 
Ib .106 2·54 1.~O 
2. .105 2·5~ 1.~O 
2b .10~ 2." 1.~O 
~. .10 2·5 1.~O 
~b .106 2·54 1.}O 
,: .106 2.54 1.30 
.106 2.~ 1.30 40 .106 2. 1.29 
40 .106 2·54 1.~O ,. 
.106 2.~ 1.~O 50 .106 2. 1. ~O 
~~ .106 2.~ 1.~0 . 106 2. 1.~O 
6b .106 2.,1 1.~O 
60 .106 2 · 54 1. ~O 
7 .106 2·52 1.30 
6. 0. 105 2·54 2·56 6b . 105 2 . 5fi 2'n 60 .105 2·5 . 8 
9. .105 2.,4 2. 8 
9b .10t 2·54 2.~ 10. .10 2· 54 2. lOb .106 2·54 2 . 60 
100 .106 2·54 2.60 
11. . 106 2.5~ 2 . 54 llb .10~ 2·5 2·5 
11. .10 2. 5t 2 . 5, 12_ .106 2·5 2·5 12b .10 2. 5G 2.~ 120 . 10·~ 2·5 2 . 
13- . 10 2 · 54 2·54 
13b .106 2. 54 2 · 54 I,. .106 2·54 2 . ~ 1 _ 
.106 2·54 2·5 
14b . 106 2 · 54 2·58 
140 . 106 2·54 2·58 15_ .106 2·54 2·58 
15b .106 2·54 2 · 58 
l~o .106 2 · 54 2·58 1 _ 
. 106 2·54 2·58 16b .106 2·54 2·58 
160 .106 2 · 54 2·58 
17· . 106 2·54 2·58 
17b .106 2·54 2·58 
170 .106 2·54 2·58 
18. 0.105 1.40 1.48 
18b .105 1.Lo 1.48 
19 . 105 1.42 1.46 
20. .105 1.41 1.48 
20b .10
6 
1.40 1.48 
200 .10 1.40 1.46 
210 .106 1.42 1.45 
21b .lO6 1.42 1.45 
210 .106 1.42 1.47 
22. . 106 1.42 1.45 
22b . 106 1.42 1.45 
220 .106 1.tE 1.l;4 23· .106 1. 1. 
2~b .106 1.44 1.44 
~~ .106 1.43 1.43 .106 1.t4 1.42 ZLb .106 1. 1.42 
240 . 106 1.44 1.41 
25· .lO6 1.44 1.41 
25 b .106 l·tE 1.42 2~0 .106 1. 1.41 2 • .106 1.44 1.42 
26b .106 1.44 1.42 
260 .106 LtG 1·41 27- .106 1. 1.42 
27b .106 1.U 1.42 270 .106 1. 1.42 
L L 
(In. ) b,; 
Z-sectl on column; 
2·79 1.10 
2.79 1.10 
5·~5 2.12 
' ·~5 2.12 7.92 }.ll 
7.60 2·99 
7.82 ,.07 10.30 .07 
lO·30 4.05 
10.~0 4.05 
12·92 5.0~ 
12.93 5.0 
12·93 ~.07 
15.50 .09 
15·54 6. 19 15.~L 6.11 
17. 0 6·97 
Z-aeetlon column; 
2'Z2 1.07 2. 6 1.0~ 2.60 1.0 
5·28 2.08 
5· " 2.10 1. 70 3.~ 
·72 2. 
7.5a 2.9~ 10., 4.0 
10.3~ 4.06 
10.~ 4.06 
12·94 5.07 
12·95 r7 12·95 .10 1,·55 .11 
15·55 6.11 
la · 55 6.11 1 .07 7·10 18.0~ 7·10 
18.0 ~.ll 20 . 60 .10 
20.60 8.10 
20 . 62 8.11 
23·22 9.13 
2}.22 9.13 
23·22 9·13 
25.1' 10.10 
25· 4 10.08 25·7 10.11 
z-aectton column: 
1. 71 1.23 
1.74 1. 26 
,.07 2.1 
·37 3·11 
4.,9 3·15 4 . a tit 5·93 
5·90 4.14 
5·90 h . 14 
7.3} 5. 12 7·32 5·1 
n~ t· ll .07 
8.74 6.07 
8.74 6.10 
10.0
a 
6.9~ 10 .0 6.9 
10.10 6·99 
11.54 ~.99 11.52 .03 
11.54 ~ . 99 12·92 .9
a 12 ·92 8·9 
12 . 98 8·93 14 · ~Z 9.99 
14· 3 10.01 
14.36 9 ·95 
~ ~ (Tor 
t b" (kal) 
lection 1 
24.00 O. ,1 4p 24·00 · 51 4 .0 
24.05 ·51 44·2 
24·09 ·51 4~.~ 
24.00 .51 41.9 
24.00 .51 42·1 
24.00 .51 41.6 
2~·91 .51 40., 
2~.98 ·51 40·9 2 .00 ·51 40.~ 
24·05 ·51 ,9. 
24 ·00 ·51 1.0 
24·05 ·51 39.6 
24·00 ·51 39.8 ~.67 ·52 ,9.6 
.00 
·51 0.0 
23.81 ·51 39.7 
seetion 2 
24·14 1.02 34·0 
24·24 1.01 ".6 ~:lli 1.02 32.2 1.02 21.0 
2L·14 1.02 22.8 
24·00 1.02 15·6 
24.02 1.02 1~.5 
24·01 1.02 1 .3 
24.00 1.00 16.1 
24·24 1.00 15·2 
24. 0a .99 Ip ~. , .99 1 . 1 
.09 
·99 16 .9 
24.19 1.00 16.2 
24· 11 1.00 14·9 
24.00 1.00 15 · 6 
24.00 1.00 il· 1 ~. 95 1.01 ·7 
'Oa 1.01 il· 2 23·9 1.01 .1 
23•9a 1.01 14·4 
23·9 1.01 14.1 
~.95 1.01 ~.9 
.00 1.01 .2 
23·98 1.01 14 . 6 
2,. 98 1.01 14·5 2 .00 1.01 13· 3 
24·00 1.01 ~.5 24.00 1.01 
·3 
• • otlon 3 
13·29 1.06 45·8 
13. 29 1.06 l;4.9 13·52 1.03 ·9 13·~8 LOt 43 . 2 13·29 1.0 42.0 
13 · 22 1.04 ,8.9 
13.~ 1.1)2 2.6 13 · 3 1.02 L3·1 
1}.45 1.03 4~.2 
13·43 1.02 3 . ~ 
13·43 1.02 , 9 . 1~.5~ 1.01 1.9 
13·5 1.00 h1.2 1~. 58 1.00 42.2 
13· t3 1. 00 42 ·4 1~. 7 .98 41.i 13.62 .98 40. 
13.62 .98 41.0 
13.62 ·98 40.6 
13 . ~2 .9
a 
40.1 
13. 2 
·9 41.~ 13·62 ·98 41. 
13 · 58 ·99 42 · 8 
1~. 72 ·97 41.Z 1~. 55 ·99 40. 
13.~ 1.00 ,9.9 
13 · ·98 0·7 
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O"max Number 
(kal) of half-
waves 
,0.2 1 40 .2 1 6·7 1 
46.~ 1 1!1. } 2 
j2.5 2 
.1 2 
42·7 2 
4}.7 2 
4~·5 2 
43.0 ~ 
42.9 3 
43·5 
tt !.2.7 41.9 
43·2 L 
41.9 5 
,6. 7 1 0.0 1 
L1.0 1 
~0.9 1 
31.2 1 
31.0 1 
31.1 1 
31.1 1 
30.0 2 
29.8 2 
30.2 2 
29.~ 2 29. 2 
29.3 2 
29·2 3 
29·4 2 
2~.2 3 2 .7 3 
28 ·9 3 
28·9 3 
2a· 5 3 2 .1 3 29.~ 
tt 27· nz 27· t 27·5 
2p 4 2 .9 4 
55· 7 1 
,,·3 1 
21.2. 1 
"l·l 1 td 1 1 
45·7 2 
45'6 2 45· 2 12. 8 2 
.2 3 
44·6 2 U'9 3 
.6 ~ 44.~ 3 
43· 3 U·2 3 
.1 , 
42 . 8 
43·6 t 43.7 
j2.5 t ·5 4~·9 t 4~.0 
42 ., t 42. 
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s-poo1IMn t 11. (in.) (in.) 
1_ 0.107 
'I 1b •101 2. 1. • 10 2 • 2_ .106 2. 2b .106 2. 2. .106 t i ,. .106 ,b .106 2. 
,: .106 2 • 
• 106 I:~ 4b .106 4. .106 5- . lOt 5b .10 t .106 2. .104 2. 
6b 
.1°5 2. ~ 60 
.1°5 2·5 
7· 
•
1
°i U! 71> .10 70 .10 
8_ 0.10~ 2.56 8b .10 2.~6 8. .105 2. , 
9· .105 Ut 9b • 1O~ 10. .10 tR lOb .10~ 10. .10 2. 
n. .106 2. 
1110 .106 
2T 11. .106 . i12. .106 2. 
1210 .106 2. 
u. .106 2.5~ 1,_ .10~ 2·5 1,b • 10 
HI iZ: .106 .1Oi 14b .10 
14. .10 2. 53 
15- .10£ 2·5 
15b .10 2·56 
iE .106 2'r .106 . 81 b .106 2. t 1 • .106 2.~ 17. .106 2 • 
171> • 106 2·57 
17· .105 2·55 
18 0.106 1.41 
19· .105 1.44 
19b .10~ 1.lil 1ge .10 1. 
20. .105 1.4, 
20b 
.
1Ot 1.1!4 21. .10 1. 
21b .106 1.42 
21. .106 1.42 
22. .106 1.44 
22b .106 1.l!3 22e .106 1. 
2,. .106 1.42 
2,b .106 1.4, 
2,. .106 1.42 2 • .106 1.44 
24b .106 1.44 
240 .106 1.42 
25- .106 1.44 
25b .106 1.40 
2~O .106 1.40 2 • .106 1.4, 
26b .106 1.4, 
TABLE 1 - Cono1ud.cl 
-.ASURID DlKEHSIO&S - Con.1ud.cl 
bF L L (in.) (in. ) ~ 
Chatmll-•• otlan oollmD.; 
1.26 2.~ 1.09 1.26 2. 1.10 
1.21 2.67 1.~ 1.2 r~ 2. 1.26 2.11 1.fi :~ 2.10 1.2 ,.06 
1.26 .8~ ,.08 1.28 7." ,.11 1.21 10. 
.1i 1.2 10·'5 4.0 1.2l 10"6 4.0 1.2 1~.0 r1 1.2Z 1 .00 .U 1.2 12.97 .10 1.26 15.~ .08 1.26 1 6.04 1.26 1 .41 6.10 1.2t 1 .O~ 7.09 1.2 1 .0 7.10 1.27  .05 7.11 
Chum,i-,.etlon oolu.l; 
2'~ 2·90 1.14 2. 2.~7 1.00 2. 2. 1 1.11 
2. p~ 2.12 2. ~ 2'M 2. ·91 ,. 
2. :~ ,.10 2. 6 l·IO 2. ~ 10. lID .06 2. 10.42 4.06 2. i 10.,S 4'°3 2. 12·98 5.0 2. 12·96 r 6 2·U 
12·97 ·09 2. 15·52 .02 
tu i~:~ 6.00 6.~ 2. 1 • 5 7·0 2. 18.01 r 2. 5 18.0 .01 2. 5} zo.6 .01 '.~ 20.6, 8.06 2. 20.6~ 8.0~ 2. 2,.1 8.9 2. 2,.19 9.0 
2. 2,.22 9.03 2. 5 25·70 10.1 
2.5~ ~~:zg 9.98 2·5 10.04 
Channel-llotloD ool\~; 
1.40 1.64 1.16 
1.42 2.8, 1·97 
1.42 ,.O~ 2.11 
1.41 f:~, 2.0S 1.41 ,.10 
1.lj2 
4:H ,.08 1.lj2 .O~ 1.li2 
!-1 
4.0 
1·47 ·90 4.14 
1.41 ·52 5·09 
1.42 . • ,1 5·05 1.~ 3.26 t· 1O 1. , .60 .O~ 1·4, 8·t2 ~.9 1.4, 8. 0 .11 
1.4, 10.~ Z:~1 lot' 10.0 1. 1 10.07 ~.07 
1.40 11.65 .07 
1.4, 11.40 8.12 
1.42 11.~ 8.2
a 1.45 12. 8·9 
1.42 12·92 9.04 
~ !2 0-... 
t b. (kl1) 
•• ottOD 1 
~:~ 0.49 44·8 ·49 44·4 :~ 45.0 2#.09 42·1 
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Figure 1. - Column cross sec.tlons. 
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Figure 2.. - Compr essive str ess-strain curves. 
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Figure 5. - Number of half - waves in buckle pattern 
produced by various proportions of Z - and 
channel- section columns of 24 5-T aluminum 
alloy. 
